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multiplying this ratio by the dust lead concentration. The "dust
load" transformation used in this report combines the lead
concentration and the amount of dust present in the house in one

variable.

The concentration of lead in drinking water was determined
in a first draw sample by graphite furnace atomic absarption.
Cadmium similarly was determined in house dust and soil by ICAP
emission spectroscopy and in water by graphite furnace atomic
absorption. The limit of detection for lead in house dust was 20 >
ppm (mg/kg), for soil <20 mg/kg and for drinking water <2 ppb 99}/
(sg/L). The limit of detection for cadmium in house dust was 2 .
ppa (mg/kg), ‘sodl- 13£ﬁﬁ7n(igﬂtg') ., and roR* drinking wpter <0.5 €

mlummn

The participants were informed of their individual clinical
and environmental results by letter. The results of the clinical
tests were presanted at a public meeting in the Spring of 1992
without revealing the identity of the participants to reassure
residents and encourage par‘nts of untested children to have them
tested. All families with at least one child with a blood lead
level of 0.48 umol/L (10 ug/dl) or above were visited, and
potential sources of lead in the immediate environment of the
child were identified for the guardians. The guardians were also
instructed in nutrition, in personal hygiene of the children, and

in reducing exposure through housekeeping and minor remediation

of trouble spots in or ocutside of the homes.
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Blood lead levels were also determined in 214 youths (ages
5-15 years), 111 males and 103 females, and in 47 males and 7§
females over Fhe age of 15. Thus, 627 blood lead determinations
were made in all. The arithmetic mean blood lead levels for the
youngest age group (between 6 and 71 months of age) was 0.33
pmol/L (6.9 ug/dl) with a range of 0.03-1.94 umol/L (0.7-40.2
4g/dl). 1In this group, 78 children (16%) had elevated blood lead
levels of 0.48 umol/L (10 ug/dl) or above. For the children
between the ages of 6 and ls_ygarl, }hc arithmetic mean blood
lead level was 0.21 umol/L (4?& #g/dl), the range <0.03-0.90
umol/L (<0.6-18.8 ug/dl). 1In this group, 8 individuals had blood
lead levels of 0.48 umol/L (10 ug/dl) or abovae. -

Among a total of 101 non-white children under the age of &
87% were of African-American descent. Of these children, 16% had
elevated blood lead levels. The arithmetic mean blood lead
levels of all white children under 6 years of age was 0.32 umol/L
(6.8 ug/dl) and for the children of African-American descent, the
arithmetic mean was 0.35 umol/L (7.4 ug/dl). Thus, the blood
lead levels of children of African-American descent were quite
similar to those of the white children (t = - 1.1, NS) and 19%
had blood lead levels of 0.48 umol/L (10 ug/dl) or above. These
two groups of children were, therefore, combined in the analysis.

Among the children 6 years and older, 17 boys and 16 girls

of African-American descent participated in the study. Their

-~

arithmetic mean blood lead levels were 0.20 umsl/L (4.2 ug/dl)

and 0.23 umol/L (4.7 ug/dl), respectively. None of these
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children had b.ood lead levels of 0.48 umol/L (10 ug/dl) or
above.

The arithmetic mean blood lead levels of participants
greater than 15 years of age was 0.17 umol/L (3.6 ug/dl) with a
range of <0.03-0.86 umol/L (<0.6-17.9 ug/dl). The blo-cti lc:a.ad /&'}QJ
levels above 0.48 umol/L (10 ug/dl) in 3 male partiélﬁhhts'ﬁéd’/\
rdﬂﬁf@gigiton“oocubational exposure or hobbies. The total number
of 43 white adult males had an arithmetic mean blood lead level
of 0.28 umol/L (5.8 ug/dl) and-included the 3 males with elevated
blood lead levels. Elevated blood lead levels did not :ontribute
to the arithmetic mean blood lead level of 69 adult white
females. Their arithmetic mean blood lead level was 0.12 umol/L
(2.4 ug/dl). Among the adult females, 14 were precgrant at the
time the blood specimen was drawn. Their blood lead levels
ranged from <0.03 umol/L-0.16 umol/L (<0.6-3.4 ug/dl) with an
average of 0.08 uxol/L (1.6 xg/dl). Three adult males and 7
adult females of African-American descent also participated in
the study with arithmetic mean blood lead levels of 0.18 umol/L
(3.8 xg/dl) and 0.17 umol/L (3.5 ug/dl).

In the youngest age group, 78/490 (16%) had blood lead
levels above 0.48 umol/L (10 ug/dl); however, 46 of these (9% of
the 490) had blood lead levels between 0.48-0.72 umol/L (10-15
ug/dl) and only 5 (1% of the 490) were above the pre-1991 level
of concern of 1.21 umol/L (25 ug/dl) of the CDC (Table 5). A

total of 61 children with blood lead levels above 0.48 umol/L (10

ug/dl) and some of their siblings donated a second blood specinmer
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Environmental dat

A total of 34% of all participants did not know the age of
the house in which they were living. Among the 412 children
under 6 with blood lead levels of less than 0.48 umol/L (10
ug/dl) data on the age of the houses was available for 278. ot
those children, 196 or 70% lived in houses that were built before
1950. Of the 78 children with blood lead levels of 0.48 umol/L
(10 ug/dl) or above data on the age of the houses was available
for 43. Of those children, 35 or 81% lived in houses built
before 1950 Of the children with elevated blood lead levels who
lived in houses built after 1950, one child lived in a mobile
home and the father was involved in lead related activities. The-
other houses were built between 1950 and 1970 and remodeling
activity or refinishing of furniture had taken place between 1990

and 1991.

lead levels measured in paint and in soil of the houses are
given in Tables %9a and sb. Houses in which children with
elevated blood lead levels lived were not clustered. However,
these children were more likely to live closer to the smelter
(Pigure 1). Of the children under 6 with blood lead levels below
10 ug/dl (0.48 u-bl/z.), 168 percant lived in sampling drea 1, 43%
in sampling area 2, 24% in sampling area 3 and 16% in sampling

area 4. Among the children whose blood lead levels were above 10

ug/dl, 27% lived in sampling area 1, 53% lived in sampling area

2, 12% lived in sampling area 3 and 8% lived in sampling area 4.

Many of the children lived in houses with high paint lead

7
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concentrations in one or more of the areas neasured (Table 3a).
Either recent renovation or poorly maintained houses seemed to
contribute to.the exposure of the children. When the houses were
in good condition, increased lead exposure was not as much of a

problem.

Overall, about 50% of the families, had done some repair
work or renovations on their houses in 1990 or 1991. For
families with children under 6 whose blood’lead levels wvere below
0.48 umol/L (10 ug/dl), 48% had done some work on their house in
the last year andmid not. In contrast, 63% of the families
whose children had blood lead levels above 0.48 umol/L (10 ug/dl)
did some refurbishing in the last year while 38% did not. The
difference was statistically significant (p<0.02).

In many yards, the lead concentrations in soil were above
background levels which locally ranges from below the limit of
detection of 1 ppm (mg/kg) to 200 ppm (mg/kg). The mean soil
lead level for the 376 analyzed soil samples was 450 ppa (mg/kg)
with a range of 37 ppa (mg/Xg) to 3010 ppm (mg/kg) (Table Sb). A
total of 39 split samples were also analyzed. The concentration
of lead in these soil samples ranged from 106 to 1610 ppm
(mg/kg). The average difference between the primary and the
duplicate sample vas 89 ppm (Rg/kg).

It is evident from Tables 9a and 9b that there are sone very
high environmental lead values. For example, the minimum dust
lead values is 5.2 mg/kg (ppm), the nmaximum value is 71,000 ag/Kg

(ppm), and the standard deviation is nearly four times as great

3]



as the mean. Most of the other data were also not normally

distributed. Log-transformed data was, therefore, used for most

of the statistical analyses. —~
A total of 376 composite soil samples were also analyzed for
Y ¢

cadmium. The arithmetic mean cadmium concentration in soil was éy \:J
3.1 ppm (mg/kg) ‘ith a standard deviation of 1.37. Cadmium was '
not detected in 8 soil samples at a }imit of detection ¢f£.3 ppa - Q{\
(3 mg/kg) and all but 7 soil samples were below 6 ppm (mg/kg).

The concentrations of cadmium in soil generally ranges from 0.3-

11 ppm (mg/kg) (Page and Bingham, 1973; Lund et al., 1981).

Thus, cadmium concentrations are within the background range of

concentrations found by others.

Lead in drinking water was below the limit of detection of
the analytical method of 2 ug/L (ppb) in 62% of the samples of
374 households. A total of 86% of the samples had levels of 5
ug/L (ppb) or less and 97% wvere below 15 ug/L (ppb), tha present
USEPA action level. In 13 instances, levels of lead in drinking
water were higher with a range of 15.4-95.5 ug/L (ppb). The
study participants using this water did not have elevated blood
lead levels. The correlation between the log water measure and
log blood lead was very low (r = 0.07, N.S.). ”\\\

The concentratiorns of cadmium in 374 drinking water samples Qf/

were below the limit of detection of 0.1 ug/L (ppb) in 322 (\ff‘

samples and the maximum concentration detected was 9.9 ug/L

~
A
A

A

(ppP). Only 11 samples were above 2 ug/L (ppb). In a survey of

969 community water supply systems in the United States the
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good condition had a mean soil lead concentration of 287 ppm
(mg/kg). The mean soil lead concentration for houses in fair
condition was 361 ppm (mg/kg) and for houses in poor condition it
was 459 ppm (mg/kg). Buildinq condition differs from other
potentlal confounda:s of the composite soil lead/blood lead
assooiatzan in thnt tho,aondition of the house is not likely to
_aag,qﬁpouggt. It is one o( the tev

oL - g }s- hloaq. lead. ralatiogahip-thag can be
W .

consoEE £ Y (T Augagg™ e,e_>

In this data set smoking is associated with blood lead. The

number of smokers (r = 0.16; p<0.01), and the number of
cigarettes smoked per day (r = 0.23; p<0.0') both predict blood
lead to a degree. However, the number of cigarettes smoked per
day is also correlated with "dust load” (r = 0.15; p<0.01); but
not with dust level (i.e. the weight of the dust sample divided
by the area vacuumed, r = 0.005; p = 0.92). The number of
cigarettes smoked per day is also correlated with composite soil
lead (r = 0.17; p<0.01), distance from the smelter, parents’
education (r = -0,.34 p<0.01), income (r = -0.20; p<0.01) and
outdoor paint lead (r = 0.11; p<0.02). Purthermore, smokers in
houses without air conditioning smoked 35.4 cigarettes per day,
while 17.5 cigarettes per smoker were smoked in houses with air
conditioning (t = - 3.8; p<0.0l1). More cigarettes were smoked in
houses in poorer condition (F = 17.2, d4f = 2, p<0.01); and in

older houses (r = 0.16; p<0.0l). [t is impossible to determine
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A number of variables predicted blood lead levels in youngr
children. These included condition of the house, lead in paint,
lead in dust, lead in soil, smoking of the parents, proximity to
the defunct smelter, education and income of the parents, and
behavioral factors of the children such as hand-to-mouth
activities. Comparing these factors showed that they were all
correlated with each other. Only about 40% of the exposure could
be accounted for in our data analyses. Of these 40%, lead from
soil appears to make a verv mino~ ~ontributiocn, as an uppor-boundr
at most 3% while the condition of the house and the amount of
lead in paint may be responsible for as much as 118%. B

Most of the important variables in this study such as
education and income of the parents, lead in paint, soil lead,
dust lead, behavior variables, smokingrand air conditioning are -
all highly correlated. Thus, correlations, t-tests and Chi-
square tests if taken out of context =may be misleading. -
Purthermore, confounding can not be adequately controlled for in
the presant data set. Many important behavioral variables may
affect the degree of exposure to house dust that serves as the
primary pathway of exposure for soil lead and houee paint lead in
small children. Very small but statistically significant
differences of a few percent of the variance contributing to
blood lead levels have no clinical significance. We attempted to
determine, by step-wise regression of 22 variables, what the -
overall contribution of these variables to lead exposure was.

However, as some variables were added to the analyses other
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inability to account for 60% of lead uptake underscores that
point.

Education of the parents about the lead hazards in their
individual homes and suggestions for remedial action and
behavior has a favorable impact on the children’s blood lead
levels.

High levels of lead in soil had little effect on blood lead
levels accounting for 3% of the variance in blood lead.
-Our.findings suggest that removal of soil as a remedy will
.g‘%m;@\:a a beneficial effect on children’s blood
lead levels.

Many ot~th¢ houses inhabited by our study population had
high lead paint levels. The lead from the paint particularly
in houses that were poorly maintained or had recently
undergone repair contributed to increased exposure.

High concentrations of lead in paint in well-maintained
houses did not contribute noticeably to lead exposure. Many
of the children with low blood lead levels lived in houses
in good condition even ¥ith very high lead paint levels.

o et denown
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RECOMMENDATIONS

Reducing blood lead levels in young children i3 best
accomplished Ehrough education of the children and their
caretakers and through reducing exposure to paint with high
concentrations of lead. Since house dust is the primary
transport mechanism through which children are exposed keeping
houses clean and well-maintained is the mcst important factor in
reducing lead exposure. Removal éi_iéii”QEKZ:;ln. - “8;2?9;111.

not reduce blood lead levels in children in the Granite city .

area.
generally not be recommended as a solution to reducing lead

ﬁoil removal alone over extended residential areas should

exposure if lead paint problems are not addressed. Soil removal

as the sole remedy should be the exception rather than the rule.



